Based on the continuation of our past study, the present analysis is conducted to examine recent effects of the urbanization process occurring over the entire district of Rome. Overlays of ALOS AVNIR-2 and SENTINEL-2A satellite images, collected over a 6 years period, were validated via Geographic Information System (GIS) techniques, in a particular procedure applied to urban land and agricultural transformations. The use of Copernicus SENTINEL-2A imagery has improved the previous results on urban processes, by reducing the uncertainty of the discrimination of land cover classes and facilitating the photo-interpretation. Statistical analysis was performed via the Urban Area Profile index in order to quantify the sprawl phenomenon, by defining several landscape metrics. This work, to be enriched in the future by means of complementary information available from Copernicus radar sensors, like the one onboard Sentinel-1, completes the series of observations on land use published by the Italian National Institute for Environmental Protection and Research, which stopped back in 2008.
Introduction
Nowadays continuous remote sensing monitoring of urban areas is required all over the world in order to a) keep track of the loss of natural zones due to urban development and b) support urban planning activities [1] . Urban areas are par-ticularly vulnerable, not only because of the concentration of population but also due to the interplay that exists between people, infrastructures and natural or man-made risks [2] . In the last decades remarkable urban sprawl took place in Rome [3] , especially along the consular roads, which are still the principal infrastructures available for transportation, causing significant environmental impacts, whereby natural surfaces were replaced by buildings, with the consequence of disappearance of vegetated areas, increased soil sealing and atmospheric pollution [4] . The road network constitutes in fact the key geographic object spatially structuring the urban growth of Rome and represents a good target for any aerial and multi-temporal satellite view. The overall objective of this paper, based on the continuation of our past study [5] [6] and [7] , was to demonstrate the utility of the application of innovative GIS urban area profile indicators, derived from multi-temporal and multi-source optical remote sensing imagery, for assessing both the spatiotemporal dynamics and the extent of urban sprawl phenomenon over the entire municipality of Rome. Accurate mapping of land cover from high resolution Advanced Visible and Near Infrared Radiometer type 2 (AVNIR-2) sensor from Advanced Land Observing Satellite (ALOS) and SENTINEL-2A optical datasets provided essential input to urban expansion analysis. The European Earth Observation satellite SENTINEL-2A, successfully launched on June 2015, thanks to the innovative wide swath highresolution Multispectral Imager (MSI), permitted for an unprecedented view and enhanced classification of the urban landscape [8] .
Literature Review
Over the last three decades, we have learned an awful lot about how to do remote sensing on an experimental, a scientific and a qualitative basis. Optical Earth Observation technology has enabled new applications like urban planning, monitoring of vehicles, mapping of building heights in urban environments or looking at detailed changes in the environment that might affect the wildlife. Modern optical sensors can capture both qualitative imagery and quantitative information, by using a range of different wavebands of light. Once processed imagery is often in a familiar "photographic" form, showing the Earth from the unique and powerful perspective of space. But it can also contain additional information useful to understand more about the natural and man-made processes occurring on urban zones [9] . Although several techniques to extract the land uses from optical remotely sensed data have been evolving, mapping urban landscape with enough accuracy is still not completely achieved [10] . This paper aims to quantify the sprawl phenomenon over the fast growing urban area of the district of Rome by using ALOS AVNIR-2 and SENTINEL-2 data. An updated state of the art on urban cover mapping using ALOS AVNIR-2 images is available at the JAXA ALOS Principal Investigators web page, Land Use & Land Cover section [11] . For the purpose of this study, the usage of ALOS AVNIR-2 imagery was favorable due to the clear delineation of urban land use boundaries at a 10m spatial resolution. Unfortunately the ALOS Satellite, after five years of service, lost power and ceased communication with Earth, in 2011 [12] . It is known that the ability to provide long term observations of the same area in the same way is one of the critical requirements for doing remote sensing for land use change. In this context the Sentinel program came to our aid. Within the frame of the Copernicus framework [13] , ESA is in fact developing a series of missions that are complementary to one another, in order to provide continuity and long term, gap free data record [14] . The recent launch of the SENTINEL-2A satellite made available data with a minimum spatial resolution of 10 m, 13 spectral bands, wide acquisition coverage and short time revisits, which opened a large scale of new applications [15] . SENTINEL-2A data ensured basic observing continuity with ALOS mission over the area of study and improved the previous results on urban processes, by reducing the uncertainty of the discrimination of land cover classes and facilitating the photo-interpretation. The red, green, and blue spectral bands taken at 10 meters spatial resolution, allowed discrimination of individual features of large buildings, roads and small fields, namely to spot an awful lot of new details that are crucial in terms of land use change applications. The literature on urban sprawl is bigger than the scope of this paragraph but in depth state of the art was recently prepared by Prof. Reid H Ewing [16] . While several environmental indicators have been developed in the recent years, their derivation from remote sensing and GIS data can be considered a relatively new field of research. To assess the impact of the urban sprawl over the entire district of Rome, the urban area profile indicator (UAP index) was adopted and, accordingly, a forecasting model was used to identify the areas with the higher risk of change within the reference period [6] . A number of different image processing, analysis and classification methods are available in order to generate land cover maps from high resolution optical remote sensing data; the choice of one method rather than another depends on the physical characteristics of the study area, the temporal distribution of the available imagery and the nature of the classification problem itself [17] . For the present work we refer to our previous publications [6] and [7] .
Study Area
Rome is the largest city and commune in Italy and it is also one of the fast growing urban agglomeration in the world. The area of study was initially restricted to the GRA "open area" of Rome, actually the largest in Europe [18] .
Materials
The complete dataset used for the evaluation of urban growth over the entire district of Rome, includes ALOS AVNIR-2 and SENTINEL-2A satellite remote sensing images plus one 1:10,000 Regional Technical Map (CTR) map, one panchromatic and color ortho-photo and one QuickBird-2 for image to image co-registration (see the list of available sensors in Table 1 ). Data were gathered from ESA Sentinels Scientific Data Hub [19] and other available sources. Each mission used its own unique suite of instruments to explore the territory and, from their combined results it has been possible to find a wealth of interesting properties of the surface of interest. (blue, green, red and near infrared) having similar spectral resolution (10 m) and range (see Figure 2 ). As outlined in Table 2 
Methodology
The methodology has involved a) image processing, b) classification, c) mea- Table 3 . Variation of the surface extension of the city of Rome from 1900 until 2016. Urban growth analysis of the district of Rome through optical satellite images starts with supervised classification run over one Landsat TM image, acquired in 1996 [5] . Historical maps were geo-referenced, vectorized and integrated into a GIS system for analysis of the urban system expansion since the early twentieth century [7] . profile (UAP) index [7] .
The UAP Index for Urban Sprawl Measurement
UAP index allows the measurement of the spatial profile of each land use class over a fixed area of interest, and it is based on a geo-statistical approach [6] .
The Urban Area Profile Index formula is:
( )
and the overall density value for a specific land use x:
where xi UAP is the urban area profile index for the density class i and the land use
x ;
x S is the total area for the specific land use x ; i C is the number of cells in the density class i ; t C is the total area cells and St is the total municipal area.
Validation of Results
The UAP index (1) has been defined in order to produce a quantitative descriptive summary of the spatial arrangement of the different land uses, which allows to easily understand the environmental or multi-temporal framework of the territory [7] . A logical model has been adopted to evaluate the UAP index. It is based on the measurement of spatial relationships among the density distribu- 
Discussion
Aim of this study has been the measurement of the growth trend of a big town like Rome in terms of land consumption. GIS analysis has offered an enhanced understanding of the present and future trends that a city such as Rome will face [17] . As a matter of fact, the analysis of urban land use obtained by deriving the UAP index from satellite image data acquired by ALOS AVNIR-2 and SENTINEL-2A 
Conclusion
Land use and land cover mapping have been core applications of Earth Observation from its inception to today, and so data spanning over several decades is now available. The NASA Landsat missions along with France's SPOT missions have monitored land use for more than a generation, and the Copernicus Senti-nel-2A has now taken up the mantle. However, one of the major problems encountered with urban sprawl measurement in the last decades, has been dealing with the lack of classification accuracy due to differences in spatial and spectral resolution from available remote sensing imagery. For urban growth monitoring of heterogeneous areas, such as those including urban settlements spread over the district of Rome, satellites such as ALOS and SENTINEL-2A, have proven to be necessary. The analysis of the results, as shown in Figure 5 , demonstrate that the urbanization trend is positive within the study area and it is filling up (compaction of the dispersal areas) the remaining gaps left by the sprawl phenomena previously occurred. Much of the impetus for this inexorable phenomenon has been favored by a lack of coordination of land use policies adopted by the various municipalities. It's known that measuring land use change is important on local, regional, national, and international scales, and underpins many of the international efforts to monitor and respond to man-made impacts on the environment [24] . The result of this investigation is therefore also meant to offer to Administrators and Decision Makers an additional tool for their technical offices for an improved monitoring and consequent planning of the urban expansion.
Based on comparisons with our previous work, we found that ALOS AVNIR-2 [23] and Sentinel-2A data provided more accurate land cover/land use classification of the district of Rome. Sentinel-2A mission is routinely providing global high-resolution optical imagery and offering enhanced continuity of SPOT and
Landsat-type data (Lefebvre, 2016) . However since the ALOS satellite is no longer operational, it will be necessary for future epochs to employ data from different sensors with different specifications. In particular future extension of this research will be focused on the in depth analysis of the master plans defined for Rome over the last 30 years [25] . Once operational, the combination of the SENTINEL-2 constellation imagery, its wide swath of 290 km and the satellite's frequent revisit times will provide unprecedented views of the large roman urban system expansion. Taking advantage of the recently launched radar missions Sentinel-1A and B, as well as of the available huge radar archive of the previous ESA missions such as ERS-1,2 and ENVISAT, Synthetic Aperture Radar (SAR) image data will be concurrently processed and integrated into the GIS multi-relational database thus allowing an easier discrimination of the urban landscapes, especially in a dense and heterogeneous city such as Rome. Due to SAR pulse illumination along a slant range, backscatter radar pulse values from an urban environment are highly dependent on the radar frequency, polarization, viewing geometry and shadow effects. SAR imagery allows detecting urban features in a complementary way with respect to the optical one and the limitations of SAR and optical sensors for urban areas discrimination will be adequately compensated by appropriately combining the information extracted from each sensor [26] .
